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Introduction:

The ATPase-powered SWI/SNF chromatin remodeling complex in yeast regulates the mating type switch
and other areas of specialized gene expression. Mammalian SWISNF-related complexes likewise contain an
ATPase-driven mucleosome remodeling activity asspeiated with transcriptional regulation. The activity of these
complexes is crucial for proper tissue specific gene expression, development, and hormone responsiveness. Recently,
it has become apparent that these complexes also play crucial roles in suppression of tumorigenesis in mice and
humans.

The complexes contain seven or more noncatalytic subunits that presumably help to modulate the targeting
and activity of the core ATPase. Mammalian complexes have variable compositions because some subunits occur as
sets of related proteins. The catalytic ATPases BRG1 and BRM are closely related proteins, but in mouse studies only
BRG] proved essential for embryonic development and tumor suppression (Bultman et al., 2000; Reyes etal., 1998).
Among the noncatalytic subunits, hSNFS5 is recognized as a tumor suppressor in mice (Guidi et al., 2001). In humans,
hSNFS5 is deficient in malignant thabdoid tumors (Biegel et al,, 2002), and carriers of germ line mutations are
predisposed to malignant thabdoid tumors and tumors of the central nervous system (Sevenet etal., 1999).

Subunits required for the tumor suppression activity of the complexes have great potential as diagnostic and
prognostic markers. A major question is the distinction of which additional noncatalytic subunits are required for the
cell cycle arrest functions of the complexes. These subunits include p270 (also designated ARID1A or BAF250) and
the closely related protein ARID1B (also designated KIAA1235). These proteins are members of the ARID family
of DNA binding proteins, and share 60% identity across their open reading frames. Despite this remarkable degree of
identity, all of the functional motifs of ARID1B are modified with respect to p270. Work performed over the course
of this pre-doctoral training fellowship has shown that p270 and ARIDIB contribute different finctions to
mammalian SWI/SNF-related complexes.

Body:
Key Accomplishments:
My proposal had three objectives:
1. To determine the relative levels of expression of ARIDIB and p270 in a panel of breast cancer cell lines, and
the proportion of RSWI/SNF complexes bound by each protein in representative lines.
2. Toidentify binding partners of the LXXIL motif-containing region of ARID1B.
3. Todetermine the effect of overexpressing ARID1B in breast cancer cells.

Objective 1: The first part of this objective was to develop a hybridoma line from mice that were serum-positive for
ARIDIB-specific antibodies. 1have successfully accomplished this. The monoclonal, which was raised against a
ARID1B-GST fusion peptide, is selective for ARID1B and does not cross-react with p270. T have demonstrated this
in vivo and in vitro, using both native and denatured proteins. Ihave also confirmed that p270 and ARIDIB are
mutually exclusive, altemative members of SWI/SNF-related complexes. In addition, we have shown thatboth p270
and ARIDIB associate with either BRG1- or hBRM-containing SWI/SNF complexes, therefore both have the
potential to influence the tumor suppressor function of the complex. These results have been published (Wang et al,,
2004a), which is included in the appendix. As mentioned previously, p270 and ARID1B have specific alterations to
fimctional motifs, and SWI/SNF complexes containing either protein are likely to have different functions. Itherefore
proposed to screen a panel of breast cancer cell lines to assay for relative levels of p270 and ARID1B. We have
screened a panel of breast cancer cell lines, and the ratio of p270 to ARIDI1B in typical cells is approximately 3.5to 1,
with BRG1 being distributed equally between the two ARID subunits. My screen confirmed loss of expression of
p270 in T47D cells, while levels of ARID1B were generally low to undetectable in all lines examined. In addition to
screening by westerm blot, we have screened a commercially available cancer profiling amray for levels of p270 RNA
in panels of matched tumor versus normal tissue. Levels of p270 RNA were sharply downregulated in 10 percent of




breast cancer tissue examined. Strikingly, p270 expression was also sharply reduced in 30 percent of primary kidney
tumors. All of the outcomes above have been reported in Wang et al., 2004b, included in the appendix). p270 and
ARIDIB probes were also used in a collaborative study to show that p270 and ARIDIB are expressed in a
complimentary manner in developing rhesus monkey embryos (Zheng et al., 2004, included in the appendix).

Objective 2: A major portion of this aim was to complete the sequence of the ARID1B cDNA, in order to know how
many potential nuclear hormone binding motifs were present. Ihave successfully used RT-PCR to extend our coding
region of ARID1B an additional 198 amino acids to 1817 residues. While this expression clone is nearly complete, I
was unable to extend this coding region fiwther. While this work was in progress, Inoue et al. (2002) reported that both
p270 and ARIDI1B lacking their N-terminal LXXI L motifs are able to stimulate transcription by the glucocorticoid,
estrogen, and androgen receptors in reporter assays. p270 has been previously reported to stimulate a glicocorticoid
response element in the presence of dexamethasone (Nie et al, 2000). These data suggest that both p270 and
ARIDIB enhance expression of a similar panel of hormone responsive genes. As these assays were performed by
cotransfection of reporter constructs, they may not be reflective of true physiological regulation of hormone-responsive
genes, but they do suggest that two-hybrid binding assays will be likely to give false, non-physiological positives. In
light of these data, I believed it would be more productive to focus first on Objective 3 to obtain more physiologically
relevant data.

Objective 3: The purpose of miy third objective was to determine the biological effects of overexpressing ARIDIB in
breast cancer cells. Obtaining a full-length expression clone of ARIDIB proved to be particularly challenging due to
high GC content. To accommodate the goal of determining the biological function of ARIDIB in comparison to
p270, I pursued an alternate approach. As p270 and ARID1B are independent members of SWI/SNF complexes, it
was likely that altering the level of expression of either ARID protein would change the proportion of complexes
associated with either p270 or ARID1B, and thus change their finction. To best compare the physiological function
of ARIDIB and p270 without fulllength expression constructs, I generated stable cell lines that stably express
siRNAs specific for either p270 or ARID1B (see Brummelkamp et al., 2002 for methodology). Studies by other
groups to determine the role of p270 and ARID1B involvement in hormone responsiveness have produced relatively
hormogeneous results, failing to delineate a difference in flnction between p270 and ARIDIB. Subsets of SWI/SNF
complexes are also implicated in control of the cell cycle, regulation of cell growth, and control of tissue specific gene
expression. These complexes are widely regarded as having a tumor suppressor finction dependent upon the core
ATPase. Generation of cell lines with stable knock down of p270 and ARID1B have proven a powerful tool to study
the contribution of these noncatalytic subunits to the tumor suppressor fimction of SWI/SNF complexes. I have
ablated expression of p270 or ARIDIB in MC3T3-E1 cells. When stimulated with ascorbic acid and betalycerol
phosphate, these cells will undergo osteoblastic differentiation, mineralizing over 28 days. The switch from
proliferation to tissue specific gene expression and cell cycle exit is very tightly regulated and well characterized in
these cells (Quarles et al.,, 1992). Data included in previous progress reports show that cells depleted of either p270 or
ARIDIB show defects in tissue specific gene expression, while only p270 is critical for cell cycle amest. We have
shown that p270 and pRb (the retinoblastoma tumor suppressor protein) function in the same pathway with respect to
differentiation and expression of tissue specific genes (shown in my second annual report). Additional data reported in
Nagl et al. (in revision, included in the appendix) confinms that the finctional distinction between p270 loss and
ARIDIB loss is very marked. Cells depleted of p270 fail to undergo normal cell cycle arrest in comparison to
controls, as measured by increased cdc2 kinase activity and protein expression, as well as increased incorporation of
tritiated thymidine in a DNA synthesis assay. Also, p270 deficient cells show disregulation of cyclin A, cyclin B2, and
Cyclin C. These cyclins are expressed at high levels in cells depleted of p270, suggesting that p270-containing
SWI/SNF complexes are crucial for the repression of E2F responsive genes that regulate the switch from proliferation
to cell cycle arrest and tissue specific gene expression. In addition, cells deficient for p270 fail to induce the cyclin



dependent kinase inhibitor p21™"®! We have confirmed that induction of p21wdﬂ/c’pl and repression of E2F-
responsive promoters are independent events that each require p270 by exogenously overexpressing p2 et
Exogenous expression of p2 1! cansed cells depleted of p270 to shut down DNA synthesis with the same rapid
kinetics seen in control wild type cells. Interestingly, westem blotting showed that E2F-responsive products such as
cyclins A, B2, and C, as well as cdc2 remain highty expressed in cells deficient for p270 despite exogenous expression
of p21W"ﬂ/Cip ', indicating that regulation at the p2lwm/cbl promoter and at the E2F-responsive promoters each
independently requires the function of a SWI/SNF chromatin remodeling complex, and of p270 specifically, during
differentiation-associated cell cycle amrest. While cells depleted of p270 show a marked change in phenotype,
ARIDIB deficient lines exhibit a phenotype that is similar to that of parental cells in all assays performed.

Key Research Accomplishments:

» Established that ARIDIB and p270 independently associate with BRG1- and hBRM-containing hSWI/SNF
complexes.

» Determined that p270 is down regulated in approximately 10% of breast cancer cell lines examined, as well as 10%
of primary breast and 30% of primary kidney tumors.

» Developed a series of vector-based RNAI oligos against ARID1B and p270, and generated several stable ARID1B
and p270 knock down cell lines.

» Determined that ARID1B and p270 are required for induction of the tissue specific gene alkaline phosphatase in
differentiating MC3T3-E| cels.

* « Complementation assays suggest that p270 and pRb act in the same pathway in this differentiation model system.

» Loss of p270 alters the cell cycle profile of differentiating MC3T3-E1 cells, driving the cells to remain in the cell
cycle.

« Regulation of the p21™"' promoter and E2F-responsive promoters each independently require p270-containing
SWI/SNF complexes during differentiation-associated cell cycle arrest.

» ARIDIB and p270 have distinctly separate biological functions and are determinants that distinguish key divisions
among the multiple, distinct SWI/SNF complexes that exist in mammalian cells.

Reportable Outcomes:
» Several stable cell lines expressing reduced levels of p270 and ARID1B were generated as part of this work.
» Work performed over the course of this fellowship allowed the award recipient to complete his doctoral degree.
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» Norman G. Nagl, Jr., Xiomei Wang, Deborah Wilsker, Stephen Flowers, Daniel Zwietzig, Antonia Patsialou, and
Elizabeth Moran. Expression of p270 (ARID14) a Component of Human SWISNE Clomplexes, in Human
Tumors. Presented at the 2005 Annual Era of Hope Meeting, Philadelphia, PA.
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related Complexes. Selected for oral presentation at the meeting on Small DNA Tumor Viruses and Cell Cycle
Control, July 2004, University of Wisconsin, Madison. (NCI Travel Award to attend ($750)).
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Elizabeth Moran. Fumctional Characterization of a Novel Paralogue of Human SWISNF Member p270.
Presented at the 10" Annual Meeting of the Federation of Asian and Oceanic Biochemists and Molecular
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Elizabeth Moran. Characterization of a Novel Paralogue of Human SWISNF Member p270. Presented at the
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presentation at the meeting on Small DNA Tumor Viruses and Cell Cycle Control, July 2002, University of
Wisconsin, Madison.
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Conclusion:

The data that I have gathered over the course of this fellowship are particularly significant because previous
studies concermning the roles of SWI/SNF complex components in regulating expression of cell cycle markers have
largely relied on reintroduction of BRG1 or hSNF5 into tumor cell lines where they were lacking. This is
disadvantageous from monitoring the role of complex components in cells undergoing physiological progression
fiom a proliferative state to cell cycle arrest as seen here. The identification of p270 as a subunit required for cell cycle
arrest i vivo is additionally significant, because unlike BRG1 and hSNF5, p270 is not among the those subunits
considered to form the “fumctional core” of the complex(es) (Phelan et al.,, 1999). The in vivo requirement for p270
shows that it plays an essential role in the physiological fimctions of the complex(es), regardless of whether it
contributes directly to the overall enzymatic activity. Additionally, this work provides a finther distinction among the
various sub-groups of SWI/SNF complexes. The ARID family components are determinants that distinguish key
divisions among the multiple, distinct SWI/SNF complexes that exist in mammalian cells. We have shown that
SWI/SNF complexes encompass at least four different entities because p270 and ARIDIB can each associate with
mammalian BRG1 and BRM, in all four possible combinations (Wang et al., 2004a, included in appendix). Like the
core ATPases BRG1 and BRM, the ARID family components exist as mutually exclusive, altemate members of
SWI/SNF complexes (Wang et al., 2004a, included in appendix). This work clearly ascribes a critical cell cycle exit
regulatory fimction to complexes that contain p270. This is a distinct demarcation of fimction flom complexes



containing ARIDIB, fluther separating the types of complexes observed in mammalian cells. It is particularly
interesting that p270 and ARIDIB are fimctionally very different and exist in altemate complexes. This is a
characteristic that is also observed with respect to BRG] and BRM. Mouse knockout studies have shown that only
BRG proved essential for embryonic development and tumor suppression (Bultman et al., 2000; Reyes et al., 1998).
The work that T have performed over the course of this predoctoral training fellowship has contributed a significant
amount of novel data to the field of SWI/SNF complexes and the regulation of transcription and cell cycle control.
Although Thave completed my doctoral training, work will continue in this lab to firther characterize the function of
these ARID proteins and SWISNF complexes in which they are members.
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Two related ARID family proteins are alternative subunits of human

SWI/SNF complexes

Xiaomei WANG*, Norman G. NAGL, JR*, Deborah WILSKER*, Michael VAN SCOY', Stephen PACCHIONE*, Peter YACIUKY,

Peter B. DALLAS*! and Elizabeth MORAN*?

*Fels Institute for Cancer Research and Molecular Biology, Temple University School of Medicine, Philadelphia, PA 19140, U.S.A,, and 1St. Louis University School of Medicine,

St. Louis, MO 63104, U.S.A.

p270 (ARID1A) is a member of the ARID family of DNA-binding
proteins and a subunit of human SWI/SNF-related complexes,
which use the energy generated by an integral ATPase subunit to
remodel chromatin. ARID1B is an independent gene product with
an open reading frame that is more than 60 % identical with p270.
We have generated monoclonal antibodies specific for either
p270 or ARIDIB to facilitate the investigation of ARID1B and
its potential interaction with human SWI/SNF complexes in vivo.
Immunocomplex analysis provides direct evidence that endo-
genous ARIDIB is associated with SWI/SNF-related complexes
and indicates that p270 and ARID1B, similar to the ATPase sub-
units BRG1 and hBRM, are alternative, mutually exclusive

subunits of the complexes. The ARID-containing subunits are not
specific to the ATPases. Each associates with both BRGI and
hBRM, thus increasing the number of distinct subunit combina-
tions known to be present in cells. Analysis of the panels of cell
lines indicates that ARID1B, similar to p270, has a broad tissue
distribution. The ratio of p270/ARID1B in typical cells is approx.
3.5:1, and BRG] is distributed proportionally between the two
ARID subunits. Analysis of DNA-binding behaviour indicates
that ARID1B binds DNA in a non-sequence-specific manner simi-
lar to p270.

Key words: ARID family, ARID1B, BRG1, p270, SWI/SNF.

INTRODUCTION

SWI/SNF-related complexes are chromatin-remodelling com-
plexes that play fundamental roles in the regulation of gene ex-
pression during cell growth and development in all eukaryotes.
Individual human SWI/SNF complexes contain at least eight
identified proteins, but these complexes are not completely de-
fined and they can exist in multiple forms (see [1-4] for recent
reviews). However, an essential component of the complexes is an
ATPase of the SWI2/SNF2 family. Human complexes can contain
either of the two related but distinct ATPases, BRG1 and hBRM
[5,6].

Human SWI/SNF complexes also include a large subunit that
contains a DNA-binding domain of the ARID family. This
270 kDa protein, p270, shares antigenic specificity with the chro-
matin-modifying histone acetyltransferases p300 and CBP [7,8],
although p270-containing complexes do not show histone acetyl-
transferase activity [8]. Analysis of p270-associated proteins
revealed that p270 is a component of human SWI/SNF complexes,
and cloning of the p270 cDNA suggested that p270 is an
orthologue of yeast SWII {8,9]. Cloning of a BRG1-associated
factor, designated BAF250, with a ¢cDNA sequence co-linear
with p270 independently confirmed the presence of p270 in the
complexes [10].

p270 is expressed in all the human tissues examined [9,10]. The
most prominent feature seen in the p270 open reading frame is
the presence of an ARID DNA-binding domain. This is a recently
defined helix—turn—helix-based domain, typical of a family that in-
cludes at least 15 distinct human proteins suggested to play a role
in the regulation of development, tissue-specific gene expression
and/or cell proliferation (reviewed in [11-13]). p270 binds linear

duplex DNA depending on the integrity of the ARID consensus
sequence [9]. Some ARID family members bind selectively to
AT-rich sequences, a behaviour that prompted the acronym ARID
(AT-rich interactive domain); in contrast, p270 and its closest
Drosophila counterpart, Osa, do not select oligonucleotides of
any preferred sequence from a random pool [9,13,14]. Other
recognizable features in p270 include glutamine-rich regions
and multiple LXXI.L. motifs (where L stands for leucine and
X for any amino acid), which are generally indicative of a
potential for association with liganded nuclear hormone receptors
[15,16]. The p270 (synonym: BAF250) subunit is one of
many components of SWI/SNF complexes that appear to in-
teract directly with the glucocorticoid receptor [10,17], and the
exogenously introduced expression of p270 can stimulate ex-
pression from a glucocorticoid receptor-dependent reporter
construct [10,18].

A specific search for large open reading frames expressed in
the human brain revealed a partial cDNA, designated KIAA1235,
which is closely related to p270 [19]. This cDNA has been iso-
lated and its characterization has begun in several laboratories
under various names (p250R, hELD/OSA1,hOSA2 or BAF250B;
[18,20-22]). The Human Genome Organization Gene Nomen-
clature Committee and the Mouse Genomic Nomenclature Com-
mittee have recently recommended that ARID family members
carry gene designations that reflect their relationship. According
to this scheme, the p270 and KIAA1235 genes, which map to
the chromosomal loci 1p35.3 and 6¢25.1 respectively, are desig-
nated ARID 1A and ARID1B respectively. Since the ARIDIB gene
product does not have a widely accepted common name, we
adopt the latter designation in the present study for both the gene
and the protein.

Abbreviations used: Dri, Drosophila deadringer; CMV, cytomegalovirus; DTT, dithiothreitol; GST, glutathione S-transferase; mAb, monoclonal antibody,

NP40, Nonidet P40; poly(A)*, polyadenylated.

! Present address: TVW Telethon Institute for Child Health Research and the Center for Child Health Research, University of Western Australia, Subiaco,

Western Australia 6008, Australia.

2 To whom correspondence should be addressed (email betty@temple.edu).
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The apparent full-length sequence of ARID1B is described in
Nie et al. [22]. ARID1B and p270 are more than 60 % identical
across their entire lengths. The ARID consensus is intact in
ARIDIB, but the exons encoding the glutamine-rich regions are
shorter, essentially eliminating the pattern of glutamine enrich-
ment. The pattern of LXXLL motifs is also somewhat different.
Regardless of these differences, ARID1B can activate the expres-
sion from androgen, oestrogen and glucocorticoid receptor-
dependent reporter constructs in co-transfection assays [13].

Although p270 and ARID1B behave similarly in transient trans-
fection assays, their patterns of expression differ during early
primate development, suggesting that the proteins have different
functions in vivo [23]. A central question in the composition of
the complexes is whether p270 and ARID1B are present together,
similar to the closely related proteins BAF170 and BAF155, or
whether they are mutually exclusive, similar to the alternative
ATPases, BRG1 and hBRM. This issue has been examined, but
not resolved. One report [18] concluded from in vitro association
assays and immunocomplex analysis that both ATPases associate
with ARID1B (synonym: hOSA2). However, this study did not
establish whether p270 and ARID1B are in separate complexes.
Another study, using immunocomplex analysis, concluded that
p270 and ARIDIB (synonym: BAF250b) are in separate com-
plexes, but MS analysis of the associated proteins led these in-
vestigators to conclude that ARIDIB associates only with BRG1
and not with hBRM [22].

We have generated mAbs (monoclonal antibodies) specific for
either p270 or ARIDI1B to facilitate comparative analysis of these
proteins in vivo. The immunocomplexes demonstrate directly that
endogenous ARIDIB is associated with SWI/SNF complexes and
indicate that p270 and ARID1B, similar to BRG1 and hBRM, are
alternative, mutually exclusive subunits of the complexes. The
ARID-containing subunits are not specific to the ATPases. Each
associates with both BRG1 and hBRM, thus increasing the num-
ber of distinct subunit combinations known to be present in cells.
Analysis of panels of cell lines indicates that ARIDIB, similar
to p270, has a broad tissue distribution. The ratio of p270 to
ARIDI1B in typical cells is approx. 3.5:1, and BRGI is distributed
proportionally between the two ARID subunits. Analysis of DNA-
binding behaviour indicates that ARID1B binds DNA in a non-
sequence-specific manner similar to p270.

MATERIALS AND METHODS

Immunoprecipitation

Cells were harvested in PBS, pelleted and lysed in Tris lysis buffer
[250 mM NaCl, 0.1 % NP40 (Nonidet P40), 40 mM Tris (pH 7.4)
and 1 mM DTT (dithiothreitol), supplemented with the following
protease inhibitors at a final concentration as indicated: aprotinin
(1.0 pg/ml), leupeptin (1.0 pg/ml) and pepstatin (1.0 pg/ml)].
Immunoprecipitation was performed as described previously [8].

Immunoblotting

Preconfluent cells were harvested in PBS. Cells were lysed, and
proteins were separated on 8 % gels, transferred on to an Immo-
bilon-P membrane (Millipore) and visualized as described pre-
viously [8] or by using a chemiluminescence system (NEL602;
NEN).

Northern blots

Poly(A)* (polyadenylated)-selected RNA was prepared from ap-
propriate cell cultures using TRI Reagent (Sigma), and Poly-
ATract mRNA Isolation System (Promega) according to the sup-
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plier’s instructions. Then, 18 ug of RNA was loaded per lane
and fractionated by electrophoresis on a 0.7 % formaldehyde-
agarose gel. The RNA was transferred on to a Hybond-N nylon
membrane (Amersham Biosciences, Arlington Heights, IL,
U.S.A.) and cross-linked by UV irradiation and baking at 80 °C.
3P-labelled probes were prepared using a random-primed label-
ling kit (Boehringer Mannheim). Between successive probes,
blots were stripped by boiling in 0.1 % SDS. The specificity of the
probes was verified by hybridization with plasmid DNA under
the same conditions.

Probes

A p270 probe hybridizing to the middle region of the 270 kDa
protein was generated by PCR from the plasmid pNHXSS98,
which contains the p270 cDNA sequence reported in [9], using the
primer sequences TACCAGCAGAACTCCATGGGGAGCTAT
and TTTCTTGGGTTTTCCGGTTCATGC. An ARIDIB probe
hybridizing to the corresponding region of ARIDIB was gen-
erated by PCR from the plasmid pfh08704 (a gift from Dr T.
Nagase, Kazusa DNA Research Institute, Kisarazu, Chiba, Japan),
which contains the ARID1B ¢cDNA sequence from residues 1 to
5834 (according to accession number AB033061) in a pBluescript
II vector, using the primer sequences TTCAGCAGAGTAACT-
CAAGTGGGAC and TTACGGTTCACAGTTGGCATT. The 8-
actin probe was described previously [24].

Cell lines

Hela, C33A, SW13, MCF7 and MDA-MB-435s cells were
obtained from the A.T.C.C. PC-3, DU-145 and TSU-Prl cells
were gifts from B. Lokeshwar (University of Miami School of
Medicine, Miami, FL, U.S.A.). Saos-2, U2-08, MG 63, and OHS
50 cells were gifts from M. F. Hansen (Center for Molecular
Medicine, University of Connecticut Health Center Graduate
School, Farmington, CT, U.S.A.). All cell lines were cultured
according to A.T.C.C. recommendations.

Antibodies

The p270 mAb, PSG3, was raised against the pNDX2 GST
(glutathione S-transferase)-fusion protein described previously
[9]. The fusion protein contains 419 residues from the mid-portion
of p270 and also contains the ARID. The BRG1-specific mAb,
mAb 320.7, was raised against an N-terminal peptide sequence,
STPDPPLGGTPRPG(T), corresponding to residues 2—-15 of
human BRGI1. The BAF155-specific mAb, DXD7, was raised
against a peptide sequence, EKPVDLQNFGLRTDIYSK(C), cor-
responding to residues 591-608 in the BAF155 sequence. The
ARIDIB mAb, KMNI, was raised against a GST-fusion protein
product containing a portion of ARID1B roughly analogous to the
p270 antigen. The fusion protein includes an optional additional
ARIDI1B exon sequence noted in some cDNA versions; the amino
acid sequence corresponds to residues 1-422 of accession number
BAAB86549, which is a middle region of ARID1B containing the
ARID consensus. All hybridoma isolation work was performed
at the St. Louis University Hybridoma Facility., A BRM-
derived antibody was purchased from Transduction Laboratories
(B36320).

Expression plasmids

The in vitro translated constructs used in the antibody tests are
pNHXSS98 (which expresses p270 residues 471-2285 according
to accession number NM_006015) and pKMS5 (which expresses
the C-terminal portion of ARID1B corresponding to residues
1-1485 in the partial-sequence accession number BAA86549
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described above). The p270 in vitro translation plasmid NE9-B2
used for the DNA-binding assay has been described previously
[13]; it expresses amino acid residues 901-1187, including the
ARID consensus, which extends from residue 1013 to 1107.
The ARIDI1B in vitro translation plasmid KM20 used for the
DNA-binding assay contains an insert derived by PCR from
the KM15 plasmid described previously [13] in the pCR2.1-
TOPO vector (Invitrogen). The KM20 insert extends from 2003 to
2864 bp and expresses amino acids 658-944, including the ARID
consensus, which extends from residue 768 to 864 (accession
number AF253515). The GST-fusion protein constructs are p410
[Drosophila deadringer (Dri)] [25], pNDX (p270) [9] and pKM19.
Plasmid KM19 contains an ARIDIB insert in a pGEX-4T-1
vector (Amersham Biosciences); the insert extends from 2174 to
3292 bp and expresses residues 715-1087, according to the same
accession numbers cited above. The CMV (cytomegalovirus)-
promoted mammalian expression constructs used were pNXCMYV,
which expresses p270 residues 471-2285 (according to accession
number NM_006015), and pKM12. The pKM12 plasmid was
generated by ligating a 3530-bp Sa/l-Notl restriction fragment
of plasmid KIAA1235 (accession number AB033061; a gift
from Dr T. Nagase) into the backbone of Sa/l-Nofl-digested
plasmid HRC04412 (accession number AK025945, a gift from
Dr S. Sugano, Institute of Medical Science, The University of
Tokyo). The resulting pKM12 plasmid expresses a 1706-resi-
due C-terminal portion of ARIDIB, and includes the optional ad-
ditional 52-residue sequence described above.

In vitro expression

p270 and ARIDIB cDNA fragments in appropriate plasmid
vectors were used to generate [*S)methionine-labelled poly-
peptides using the TNT-coupled reticulocyte system (Promega).

Sequence-specific selection of DNA

GST-fusion protein pull-down assays were performed as des-
cribed previously [13,14]. Restriction fragments were filled in
with [a¢-*P]dATP. Labelled DNA (0.8 ug) was incubated with
100 ng of GST-fusion protein bound to glutathione—agarose
beads for 1 h at 4 °C in Lambda DNA-binding buffer [20 mM
Hepes, pH 7.6, 1 mM EDTA, pH 8, 10 mM (NH,),SO0,, 0.2 %
Tween 20, 1 mM DTT, 25 pg/ml BSA and 25 pg/ml poly(dl-
dC) - (dI-dC)] containing varying amounts of KCl, as indicated
in the text. The beads were washed three times with Lambda
DNA-binding buffer without DTT, BSA and poly(dI-dC) - (dI-
dC). Bound DNA was eluted by boiling in formamide loading
buffer (90 % formamide, 1 x TBE, 0.04 % Bromophenol Blue
and 0.04 % xylene cyanol), separated on a 6% sequencing
gel and visualized by autoradiography.

DNA-cellulose chromatography

In vitro translated proteins were diluted in 1 bed volume (0.5 ml)
of column loading buffer [10 mM potassium phosphate, pH 6.2,
0.5% NP40, 10% glycerol, 1 mM DTT, 1 mg/ml aprotinin,
1 mg/ml pepstatin and 1 mg/ml leupeptin], and applied to native
DNA-cellulose columns (Amersham Biosciences). The protein
sample was passed through the column four times. Unbound
material is designated as flow-through. The columns were then
washed several times with 1.0 bed volume of column loading
buffer containing 50 mM NaCl (these are the 50 mM wash
fractions) and then eluted stepwise with column loading buffer
adjusted to contain increasing concentrations of NaCl from 100
to 800 mM, as indicated in the text. Fractions were analysed by

) o M =

] -4 ] =
A g § ¢ &

o —
Input: p270 ARID1B

) - o o
B ] -t o] &

e g 2 €
Input: p270 ARID1B

Figure 1 Specificity of mAb raised against p270 and the ARID1B protein

(A) In vitro translated peptides containing the antigenic regions used to generate each of the
mAbs were immunoprecipitated with either mAb PSG3 or mAb KMN1 as indicated. The origin
of the in vitro franslated product, either p270 or ARID1B, is shown as ‘input’ below each lane.
(B) CMV-promoted expression vectors for portions of p270 and ARID 1B, containing the antigenic
regions used to generate each of the mAbs, were transiently expressed in HEK-293 cells (human
embronic kidney 293 cells). Cell lysates were collected and immunoprecipitated with mAb PSG3
or KMN1, as indicated above each lane. The immunocomplexes were separated by SDS/PAGE
and transferred for Western blotting. The specificity of the mAb used in the Western blot matches
the origin of the mammalian expression product, shown as ‘input’ below each fane.

SDS/PAGE. The signal on the dried gel was quantified using a
Phospholmager (Fuji) and associated software. The signal in each
fraction was plotted as a percentage of the total recovered.

RESULTS
Generation of mAbs that distinguish the p270 and ARID1B proteins

The high degree of identity (over 60 % at the amino acid level)
between p270 and ARIDIB means that polyclonal antibodies
may not distinguish these products clearly in vivo. Therefore we
raised mAbs to each using GST-fusion proteins as antigens. After
preliminary characterization of the resulting hybridoma cell lines,
a p270-specific antibody-secreting line designated PSG3 and
an ARID1B-specific antibody-secreting line designated KMN1
were selected. Immunoprecipitation and Western blotting of the
respective products expressed in vivo and in vitro verified that
the antibodies do not cross-react (Figure 1).

Expressions of p270 and ARID1B

Antibodies were used to screen the expression of p270 and
ARIDIB in a panel of common laboratory cell lines (Figure 2).
These included Hela (cervical carcinoma), SW13 (adenocar-
cinoma), PC-3 and DU145 (prostate cancer), Saos-2, MG 63,
U20S and OHS 50 (osteosarcomas), MCF-7 and MDA-MB-435s
(breast carcinomas) and TSU-Prl (formerly considered to be a
prostate carcinoma cell line; recently identified by Van Bokhoven
et al. [26] as a derivative of the T24 bladder carcinoma cell line).
ARIDIB is detectable in each of these cell lines, but the signal
is weaker than the p270 signal. Reaction of each of the anti-
bodies against the respective purified GST-fusion proteins (not
shown) indicates that the antibody signals are proportional to the
respective amounts of proteins. The Western-blot signals, there-
fore, indicate that expression levels of ARIDIB are generally
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ARID1B Co . IR

Figure 2 Western-blot analysis of total cell lysates of selected tumour cell
lines: distribution of ARID1B expression

Aliquots (150 g) of each of the various cell lysates were separated by SDS/PAGE, transferred
on to a PVDF membrane and probed with antibodies specific to either p270 or to the ARID1B
protein, as indicated in the Figure.
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Figure 3 Northern-blot analysis of ARID1B expression

(R) p270 plasmid NHXSS98 (100 ng; fane 1) and ARID1B plasmid pKM10.v1 (lane 2) were
separated in duplicate by agarose-gel electrophoresis, transferred on to a Hybond-N nylon
membrane and hybridized separately with either the p270- or the ARID1B-specific probes, as
indicated, to verify the specificity of the probes. (B). Aliquots of poly(A)*-selected RNA were
separated by electropharesis, transferred on to membranes and hybridized with the p270- or
ARID1B-specific probes, as indicated in the Figure.

lower than p270, although tissue distribution is widespread. Ex-
pression of ARID1B is generally strongest in the osteosarcoma
cell lines, but there is variability.

To obtain a more quantitative comparison, expression levels in
representative cell lines were also examined by Northern blotting
(Figure 3). Probes of comparable size from directly comparable
regions of each cDNA were used to maximize the utility of
the comparison. The specificity of the Northern-blot probes was
verified against isolated ¢cDNA under the same conditions as
the Northern blot (Figure 3A). RNA was prepared by poly(A)*
selection to optimize the clarity of the signal. The same blot was
probed successively for p270, ARID1B and B-actin. To obtain a
comparable signal, the ARID1B probe had to be exposed approx.
four times longer than the p270 probe (Figure 3B). The RNA
signals were roughly proportional to the protein signals, with
expression consistently higher in Saos-2 cells when compared
with, for example, HeLa cells. From quantification of these and
other cell lines (not shown), we estimate the message level of
p270 to be 3—4-fold higher than that of ARIDIB. The Northern
blots indicate a message size for ARIDIB approx. 1kb shorter
than that of p270.

ARID1B and p270 are mutually exclusive components of human
SWI/SNF-related complexes

Saos-2 cells were used to probe directly whether the endogenous
ARID1B protein is associated with human SWI/SNF complexes.
An antibody to BAF155, a ubiquitous component of the SWI/SNF
family of complexes (composition reviewed in {4]), was used to
pull down the complexes from Saos-2 cells where ARIDIB is well
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Figure 4 ARID1B and p270 are mutually exclusive subunits of human
SWI/SNF complexes

Saos-2 cell lysate {2 mg/lane) was precipitated with antibodies of specificity indicated in the
‘Ippt. Ab’ lanes. Immunocomplexes were separated by SDS/PAGE and transferred on to a PVDF
membrane. The membrane was cut to separate the individual lanes, which were then probed
in Western blots with antibodies of specificity indicated as ‘West. Ab'". Since the samples were
immunoprecipitated before Western blotting, a prominent signal corresponding to the 1gG heavy
chain is apparent in each lane.
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Figure 5 The ARID subunits are not specific to the ATPase subunits

p270- or ARID1B-specific immunocomplexes were isolated from Saos-2 cells (A) or TSU-Pr1
cells (C), separated by SDS/PAGE, transferred on to membranes and analysed by Western
blotting for the presence of BRG1, hBRM or BAF155, as indicated. Control immune reactions
were performed with a monoclonal antibody specific to an irrelevant viral protein. Direct Western
blots shown in (B) confirm that TSU-Pr1 cells fack BRG1 expression, but express relatively
normal levels of hBRM. Western-blot results are also shown in this panel for C33A cells (which
express low levels of BRG1 and undetectable hBRM), as well as HeLa cells, which express both
proteins.

expressed. The isolated immunocomplexes were reactive with
both the p270-specific and ARID1B-specific antibodies (Figure 4,
lanes 1 and 2). In contrast, when the complexes were isolated using
the p270-specific antibodies, ARID1B was not detected (lane 3).
Similarly, when the complex was immunoprecipitated with
ARID1B-specific antibodies, no p270 could be detected (lane 4),
although a p270 signal is present in complexes isolated in parallel
with the BAF155-specific antibody (lane 5). Additional controls
confirm the presence of other major complex components in
the ARIDIB and p270-specific lanes (see e.g. Figure 5). The
immunocomplex analysis demonstrates, first, that endogenous
ARIDI1B associates with human SWI/SNF complexes and,
secondly, ARID1B is a mutually exclusive alternative to p270 in
the complexes. The assay shown in Figure 4 also permits a direct
comparison of the relative migration rates of p270 and ARID1B
(lanes 1 and 2). ARID1B migrates ahead of p270, consistent with
their deduced amino acid lengths (accession numbers AF253515
for ARID1B and NM_006015 for p270). We estimate the relative
molecular mass of ARID1B to be approx. 240 kDa.
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p270 and ARID1B can partner with either ATPase

Human SWI/SNF complexes can contain either of two closely
related ATPases, BRG1 and hBRM. Despite their close structural
relationship, mouse genetics indicates that BRG1 and mammalian
BRM are functionally distinct. Brm-null mice are viable and
fertile, and heterozygotes are not prone to tumorigenesis [27]. In
contrast, Brg/-null mice die at a pre- or peri-implantation stage,
and the corresponding heterozygotes have heightened tumour
susceptibility [28]. Expression of BRG/ and hBRM is activated
at different times during early primate embryogenesis [23],
consistent with the evidence that they play different roles during
development. Recent evidence indicates that BRG1 and hBRM
associate with different promoters during cellular proliferation
and differentiation, and interact preferentially with distinct classes
of transcription factors [29]. The mutual exclusion of p270 and
ARIDI1B raises the possibility that each ATPase has a specific
associated ARID family subunit. To explore this question, endo-
genous p270-specific or ARIDIB-specific complexes were im-
munoprecipitated from Saos-2 cell lysates and probed with
antibodies targeted to either BRG! or hBRM. The results show
that each of the ARID-containing subunits partner with both
ATPases in vivo (Figure 5A). The BRG1-specific antibody used in
the present study is an mAb raised against an N-terminal peptide
sequence that is not present in hBRM and is not cross-reactive. The
hBRM-targeted antibody is a commercially prepared mAb, which
may be cross-reactive in vivo [30]. To ensure that the antibody
is detecting authentic hBRM, immunocomplexes were isolated
from the TSU-Pr1 cell line. This line lacks BRG1 expression as a
result of bi-allelic mutation [31], but has relatively normal levels
of hBRM (Figure 5B) as well as p270 and ARID1B (as shown
in Figure 2). The antibody signal in TSU-Prl1 cells (Figure 5C)
confirms that hBRM is associated in vivo with both the ARID
proteins. The ability of each ARID protein to partner with both
classes of ATPase-containing complexes expands the diversity of
subunit combinations known to be present in cells.

Ratio of BRG1 in p270 versus ARID1B complexes

As discussed above, BRGI is essential for tumour suppression
and embryonic viability, whereas BRM is not [27,28]. Therefore
it is of particular interest to know how BRGI complexes are
specifically apportioned with respect to the p270 and ARIDIB
subunits. To address this question, saturating levels of antibody
were used to immunoprecipitate either ARIDIB complexes or
p270 complexes from aliquots of Saos-2 cell lysate. The com-
plexes were assayed by Western blotting using a chemilumin-
escence method for the presence of BRG1. A range of lysate
amounts and a range of exposure times were included to ensure
that signal would be obtained in a linear range (Figure 6).
Quantification of the signal obtained in the 1 mg of lysate series
at 15, 30 and 60 s exposure yielded ratios of BRG1 in p270 versus
ARID1B complexes of 3.3, 3.7 and 2.8 respectively. By 3 min
exposure, the signal from this series was no longer within the
linear range. From this titration, we estimate that approx. 3.3-fold
more BRGI is associated with p270 compared with ARIDIB in
these cells. This is consistent with the relative amounts of p270
and ARID1B present in the cells, implying that the ARID subunits
compete equally well for the complexes.

DNA-binding activity of ARID1B

The role of the ARID DNA-binding region in p270 and ARID1B
is not clearly established. p270 binds DNA in a non-sequence-
specific manner [9,13]. Deletion of the ARID region of p270
moderately reduces its ability to enhance glucocorticoid receptor-

mg of
protein: 04 02 05 10 20

IPAbS: A B A B AB AB AB
w186 goe
won s 30) g0C

o ool 1 iy

woee e Piigelow 3 min

Figure 6 Ratio of BRG1 in p270 versus ARID1B complexes

The indicated amounts of Saos-2 cell lysates were immuncprecipifated with saturating
amounts of p270-specific mAb PSG3 (lanes A) and ARID1B-specific mAb KMN-1 (lanes B).
Immunocomplexes were separated by SDS/PAGE (8 % gel), transferred on to a PVDF membrane,
Western-blotted with anti-BRG1 mAb and visualized by chemiluminescence assay. Different
exposures were obtained at the indicated time points, and the ratio of the amount of BRG1 in the
p270 complex to that in the ARID1B complex was quantified by densitometry.

mediated transcription in a co-transfection reporter assay [10].
Deletion of the ARID-containing region from ARID1B abrogates
its activity in a similar assay [18]. It is not clear whether
differences in the severity of the effect result merely from assay
conditions as opposed to true physiological differences in the
role of the domain in the context of protein function. ARIDIB
binds DNA with an affinity comparable with that of p270 or the
prototypical sequence-specific ARID family member Dri [13],
but experiments addressing the potential for sequence-specific
binding by ARIDIB have not been reported. Within the 94-
residue ARID consensus, p270 and ARID1B differ at 17 amino
acid positions; several of these are non-conservative changes.
The potential of ARIDIB for sequence-specific DNA-binding
behaviour was evaluated in the present study in a DNA pull-down
assay. Lambda phage DNA was cut with restriction enzymes to
produce a large pool of DNA fragments of different sizes and
a wide range of sequences. GST-fusion proteins were used to
probe for preferential binding within the lambda DNA restriction
fragment pool. The control ARID family protein Dri shows
selectivity in this assay, as in other approaches [13,25]. Increasing
the stringency of the interaction by adjusting the salt concentration
results in increasingly more specific preference for selected
fragments (Figure 7A, lanes 2-4). In contrast, a p270 fusion pro-
tein binds the fragments with no obvious selectivity (lanes 5-7).
Increasing stringency does not reveal a preference for specific
fragments, except for the eventual selection of longer fragments
over shorter ones, probably because there are more binding sur-
faces on longer pieces of DNA. An ARIDIB fusion protein,
identical in length with the p270 fusion protein, behaves like p270
in this assay, showing no selectivity for specific fragments except
for increasing the selection of longer DNA pieces (Figure 7B,
lanes 2-4).

In the salt titration shown in Figure 7, relatively little DNA
remains bound to the ARID1B protein after the 200 mM salt wash,
raising the possibility that ARID1B has a weaker DNA-binding
affinity when compared with p270. However, a previous analysis
on DNA—cellulose affinity columns showed indistinguishable
elution profiles for p270 and ARID1B [13]. The in vitro translated
ARIDIB peptide used in that assay was longer than the p270
protein with which it was compared and also longer than the
respective GST-fusion protein segment analysed here. To control
the possibility that sequences outside the ARID region contribute
to DNA-binding affinity, a smaller expression vector, designed to
be identical in length with p270, was constructed. The *S-labelled
in vitro translated peptides were applied to native DNA—cellulose
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Figure 7 ARID1B binds DNA non-sequence-specifically

Lambda phage DNA was digested with EcoRI, Hindlll and Sau3A1 to generate a large DNA
oligonucleotide pool predicted to cantain 128 fragments ranging in size from 12 to 2225 bp.
The fragments were filled in with [2PdATP, incubated with GST-fusion proteins containing the
ARID regions of p270, Dri or ARID1B as indicated, pulled-down with glutathione beads and
analysed by PAGE. Lane 1 in each panel shows the unselected poo! of DNA fragments. The
remaining lanes show the fragments selected in Lambda DNA-binding buffer with increasing
KCI concentrations as indicated.

columns and washed with increasing salt concentrations. The
p270 and ARIDIB proteins again show similar elution profiles
(Figure 8), reaching a peak at the same fraction determined
previously. Both the proteins begin to be eluted at the 200 mM
salt concentration; therefore, the difference seen in the pull-down
assay might reflect slightly different sensitivities over this range.

DISCUSSION

Generation of mAbs that react selectively with either p270 or
ARIDIB has allowed us to probe the expression of ARIDIB
and its potential interaction with human SWI/SNF complexes
in vivo. These screens indicate that ARID1B levels are normally
low relative to p270. A survey of tumour cell lines of various tissue
origins, including cervix, adrenal cortex, breast, prostate, bladder
and bone, indicates that ARID1B is widely expressed and that its
expression level relative to p270 is fairly constant. Analysis with
mAbs whose signal equivalence was checked by reaction against
purified p270 and ARID1B GST-fusion proteins, combined with
Northern-blot results using directly comparable probes, suggest
that the ratio of p270 to ARID1B in most cells is approx. 3.5:1.
The immunocomplexes confirm that endogenous ARIDIB is
associated with SWI/SNF complexes and show that p270 and
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Figure 8 DNA-hinding affinity of p270 and ARID1B

In vitro translated [**S]methionine-labelled peptides were applied to native DNA-cellulose
columns as described in the Materials and methods section. Bound protein was efuted stepwise
with loading buffer adjusted to contain increasing concentrations of NaCl from 100 to 800 mM,
as indicated in the Figure. Fractions were separated by SDS/PAGE and the p270 signal in each
fraction was quantified by phosphoimaging. The results are plotted as the percentage of signal
in each fraction relative to the entire signal recovered. Error bars represent S.D. Graphs are
aligned for ease of comparison.

ARIDI1B, similar to BRG1 and hBRM, are alternative, mutually
exclusive subunits of the complexes. The ARID-containing sub-
units are not specific to the ATPases. Each associates with both
BRGI1- and hBRM-containing complexes, thus increasing the
number of distinct subunit combinations known to be present in
cells. Titration of the ARID subunit-associated BRG1 signal
in Saos-2 cells indicates that BRG] is distributed proportionally
between the two ARID subunits.

The mAbs described here are unique reagents. Previous reports
were unable to clarify whether p270 and ARIDI1B are present in

distinct complexes [18,20,21] or conflicted in their conclusions

about the associations between the two ARID proteins and the
two ATPases [18,22]. All of the interactions discussed in the pre-
sent study were probed with endogenous proteins under normal
physiological conditions, under conditions permitting a relatively
quantitative analysis not possible previously. The in vivo analysis
does not address the question whether the association of the
ARID proteins and ATPases is direct, but in vitro association data
indicate that the interaction is direct and requires the C-terminal
portion of the ARID proteins [18].

The functional distinction between p270 and ARID1B-con-
taining complexes is not yet known. The expression profiles
of p270 and ARIDIB are distinguishable during early primate
development, similar to BRG1 and hBRM [23], implying that
the ARID-containing subunits also have distinct functions. Ex-
pression patterns of p270 (synonym: Osal) and ARIDIB
(synonym: BAF250b) have been examined during mouse develop-
ment, but have not been compared directly, although differences
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do appear to exist [22,32]. Transient transfection assays reveal
similar abilities to enhance expression from steroid hormone-
responsive promoters; however, it is clear that more physio-
logically relevant assays are needed to distinguish the roles of
each protein. Knockdown studies are in progress in our laboratory
and they should offer an indication of the respective biological
roles of p270 and ARID1B in differentiating cells.

Wethank W. Long (Department of Microbiology, Temple University) for help with hybridoma
development and cutture, T. Nagase and S. Sugano for gifts of plasmids and B. Lokeshwar
and M.F. Hansen for gifts of cell lines. D. Haines, X. Grafia-Amat, D. Dhanasekaran,
B. Hoffman, C. Sapienza and S. Shore offered advice and critical comments. Other
members of our laboratory, in particular A. Patsialou and D. Zweilzig, offered additional
insight, advice and support. This work was supported by Public Health Service grant no.
RO1CA53592 (E. M.) and by a Shared Resources grant to the Fels Institute (1R24CA88261).
X.W. N.G.N.Jrand D.W. are recipients of Department of Defense BCRP (Breast Cancer
Research Program) fellowships, namely DAMD-17-00-1-0453 (X. W.), DAMD-17-02-1-
0577 (N.G.N.Jr) and DAMD-17-01-1-0407 (D.W.). X.W. and D. W. were also supported
by Daniel Swern Fellowships from Temple University.

REFERENCES

1 Vignali, M., Hassan, A. H., Neely, K. E. and Workman, J. L. (2000) ATP-dependent
chromatin-remodeling complexes. Mol. Cell. Biol. 20, 1899-1910
2 Muchardt, C. and Yaniv, M. (2001) When the SWI/SNF complex remodels . . . the cell
cycle. Oncogene 20, 3067-3075
3 Tsukiyama, T. (2002) The in vivo functions of ATP-dependent chromatin-remodelling
factors. Nat. Rev. Mol. Cell. Biol. 3, 422--429
4 Martens, J. A. and Winston, F. (2003) Recent advances in understanding chromatin
remodeling by Swi/Snf complexes. Gurr. Opin. Genet. Dev. 13, 136-142
5 Wang, W, Cote, J., Xue, Y., Zhou, S., Khavari, P. A., Biggar, S. R., Kalpana, G. V., Goff,
S. P, Yaniv, M., Workman, J. L. et al. (1996) Purification and biochemical heterogeneity of
the mammalian SW-SNF complex. EMBO J. 15, 5370-5382
6 Sif, S., Saurin, A. J., Imbalzano, A. N. and Kingston, R. E. {2001) Purification and
characterization of mSin3A-containing Brg1 and hBrm chromatin remodeling complexes.
Genes Dev. 15, 603-618
7 Dallas, P.8., Yaciuk, P. and Moran, E. (1997) Characterization of monoctonal antibodies
raised against p300: both p300 and CBP are present in intracellular TBP complexes.
J. Virol. 71, 1726-1731
8 Dallas, P.B., Cheney, I. W,, Liag, D. W., Bowrin, V., Byam, W,, Pacchione, S.,
Kobayashi, R., Yaciuk, P.and Moran, E. {(1398) p300/CREB binding protein-refated protein
p270 is a component of mammalian SWI/SNF complexes. Mol. Cell. Biol. 18, 3536-3603
9 Dallas, P. B., Pacchione, S., Wilsker, D., Bowrin, V., Kobayashi, R. and Moran, E. (2000)
The human SWI-SNF complex protein p270 is an ARID family member with
non-sequence-specific ONA binding activity. Mol. Cell. Biol. 20, 3137-3146
10 Nie, Z., Xue, Y., Yang, D., Zhou, S., Deroo, B. J., Archer, T K. and Wang, W. (2000)
A specificity and targeting subunit of a human SWI/SNF family-related chromatin-
remodeling complex. Mol. Cell. Biol. 20, 8879-8888
11 Kortschak, R. D., Tucker, P. W, and Saint, R. (2000) ARID proteins come in from the desert.
Trends Biochem. Sci. 25, 294-299
12 Wilsker, D., Patsialou, A., Dallas, P. B. and Moran, E. (2002) ARID proteins: a diverse
family of DNA binding proteins implicated in the contro! of cell growth, differentiation,
and development. Cell Growth Differ. 13, 95-106
13 Wilsker, D., Patsialou, A., Zumbrun, S. D., Kim, S., Chen, Y, Dallas, P. B. and Moran, E.
(2004) The DNA-binding properties of the ARID-containing subunits of yeast and
mammalian SWI/SNF complexes. Nucleic Acids Res. 32, 1345-1353
14 Collins, R. T, Furukawa, T,, Tanese, N. and Treisman, J. E. (1999) Osa associates with the
Brahma chromatin remodeling complex and promotes the activation of some target genes.
EMBO J. 18, 7029-7040

Received 30 March 2004/18 May 2004; accepted 1 June 2004
Published as BJ Immediate Publication 1 June 2004, DOI 10.1042/BJ20040524

20

21

22

23

24

25

26

27

28

29

30

31

32

Le Douarin, B., Nielsen, A. L., Garnier, J. M., Ichinose, H., Jeanmougin, F,, Losson, R. and
Chambon, P (1996) A possible involvement of TIF1 alpha and TIF1 beta in the epigenetic
control of transcription by nuclear receptors. EMBO J. 18, 67016715

Heery, D. M., Kalkhoven, E., Hoare, S. and Parker, M. G. (1997) A signature matif in
transcriptional co-activators mediales binding fo nuclear receptors. Nature (Londaon) 387,
733-736

Hsiao, P. W, Fryer, C. J., Trotter, K. W., Wang, W. and Archer, T. K. (2003) BAF60a
mediates critical interactions between nuclear receptors and the BRG1 chromatin-
remodeling complex for transactivation. Mol. Cell. Bial. 23, 62106220

Inoue, H., Furukawa, T., Giannakopoulos, S., Zhou, S., King, D. S. and Tanese, N. (2002)
Largest subunits of the human SWI/SNF chromatin-remodeling complex promote
transcriptional activation by steroid hormone receptors. J. Biol. Chem. 277,
41674-41685

Nagase, T, Ishikawa, K., Kikuno, R., Hirosawa, M., Nomura, N. and Ohara, 0. (1999)
Prediction of the coding sequences of unidentified human genes. XV. The complete
sequences of 100 new cDNA clones from brain which code for large proteins in vitro.
DNA Res. 6, 337-345

Kato, H., Tiernberg, A., Zhang, W., Krutchinsky, A. N., An, W., Takeuchi, T., Ohtsuki, Y.,
Sugano, S., De Bruijn, D. R, Chait, B. T. et al. (2002) SYT associates with human
SNF/SWI complexes and the C-terminal region of its fusion partner SSX1 fargets
histones. J. Biol. Chem. 277, 5498-5505

Hurlstone, A. F, Olave, |. A., Barker, N., Van Noort, M. and Clevers, H. (2002) Cloning and
characterization of hELD/OSAT1, a novel BRG1 interacting protein. Biochem. J. 364,
255-264

Nig, Z., Yan, Z., Chen, E. H,, Sechi, S., Ling, C., Zhou, S., Xue, Y., Yang, D., Murray, D.,
Kanakubo, E. et al. (2003) Novel SWI/SNF chromatin-remodeling complexes contain a
mixed-lineage leukemia chromosomal translocation partner. Mol. Cell. Biol. 23,
2842-2952

Zheng, P, Patel, B., McMenamin, M., Paprocki, A. M., Schramm, R. D., Nag!, Jr, N. G.,
Wilsker, D., Wang, X., Moran, E. and Latham, K. E. (2004) Expressicn of genes encoding
chromatin regulatory factors in developing rhesus monkey cocyles and preimplantation
stage embryos: possible role in genome activation. Biol. Reprod. 70, 1419-1427

Beck, Jr, G. R., Sullivan, E. C., Moran, E. and Zerler, B. (1398) Relationship between
alkaline phosphatase levels, osteopontin expression, and mineralization in differentiating
MC3T3-E1 osteoblasts. J. Cell. Biochem. 68, 269-280

Gregory, S. L., Kortschak, R. D., Kalionis, B. and Saint, R. (1996) Characterization of the
dead ringer gene identifies a novel, highly conserved family of sequence-specific DNA
binding proteins. Mol. Cell. Biol. 16, 792-799

Van Bokhoven, A., Varella-Garcia, M., Korch, C. and Miller, G. J. (2001) TSU-Pr1 and
JCA-1 cells are derivatives of T24 bladder carcinoma cells and are not of prostatic origin.
Cancer Res. 61, 63406344

Reyes, J. C., Barra, J., Muchardt, C., Camus, A., Babinet, C. and Yaniv, M. (1998) Allered
control of cellular proliferation in the absence of mammalian brahma (SNF2alpha).
EMBO J. 17, 69796991

Bultman, S., Gebuhr, T, Yee, D., La Mantia, C., Nicholson, J., Gilliam, A., Randazzo, F.,
Metzger, D., Chambon, P, Crabtree, G. et al. (2000} A Brg1 null mutation in the mouse
reveals functional differences among mammalian SWI/SNF complexes. Ma!. Cell 6,
1287-1295

Kadam, S. and Emerson, B. M. (2003) Transcriptional specificity of human SWI/SNF
BRG1 and BRM chromatin remodeling complexes. Mol. Cell 11, 377-389

Reisman, D. N., Strobeck, M. W., Betz, B. L., Sciariotta, J., Funkhouser, Jr, W,
Murchardt, C., Yaniv, M., Sherman, L. S., Knudsen, £. S. and Weissman, B. E. (2002)
Concomitant down-regulation of BRM and BRG1 in human tumor cell lines: differential
effects on RB-mediated growth arrest vs CD44 expression. Oncogene 21, 1196-1207
Wong, A. K., Shanahan, F,, Chen, Y., Lian, L., Ha, P, Hendricks, K., Ghaffari, S., lliev, D.,
Penn, B., Woodland, A. M. et al. (2000) BRG1, a component of the SWI-SNF complex, is
mutated in multiple human tumor cell lines. Cancer Res. 60, 6171-6177

Kozmik, Z., Machon, 0., Kralova, J., Kreslova, J., Paces, J. and Vicek, C. (2001)
Characterization of mammalian orthologues of the Drosophila osa gene: cDNA cloning,
expression, chromosomal localization, and direct physical interaction with Brahma
chromatin-remodeling complex. Genomics 73, 140-148

© 2004 Biochemical Society



Int. J. Cancer: 112, 636-642 (2004)
© 2004 Wiley-Liss, Inc.

Publication of the International Union Against Cancer

EXPRESSION OF p270 (ARID1A), A COMPONENT OF HUMAN SWI/SNF

COMPLEXES, IN HUMAN TUMORS

Xiaomei WanG, Norman G. NacL, Jr., Stephen FLowErs, Daniel ZweiTziG, Peter B. DaLLAS and Elizabeth Moran*

Fels Institute for Cancer Research and Molecular Biology, Temple University School of Medicine, Philadelphia, PA, USA

Human SWI/SNF complexes use the energy of ATP hydro-
lysis to remodel chromosomes and alter gene expression
patterns, The activity of the complexes generally promotes
tissue-specific gene expression and restricts cell prolifera-
tion. The ATPase that drives the complexes, BRGI, is essen-
tial for tumor suppression in mice and deficient in a variety of
established human tumor cell lines. The complex contains at
least 7 other core components, one of which is a large subunit
designated p270. p270 RNA is expressed in all normal human
tissues examined, but protein expression is severely reduced
in at least 2 human tumor lines, C33A and T47D. We show
here that loss of p270 in the C33A and T47D cell lines is
evident at the RNA level as well as the protein level. The
implication that p270 can be informatively screened at the
RNA level made a high-efficiency cancer profiling array ap-
proach to screening human tumors feasible. Expression was
screened in an array containing RNA-derived ¢cDNA from
24| tumor and corresponding matched normal tissues from
individual patients. p270 deficiency was observed at a higher
overall frequency than BRGI deficiency, but all tissues were
not equally affected. Deficiency of p270 was observed most
frequently in carcinomas of the breast and kidney. The re-
sults were most striking in kidney, where p270 expression
was deficient in 30% of carcinoma samples screened. Screen-
ing of a panel of established human renal carcinoma-derived
cell lines supports the frequency observed in the primary
tumor tissue samples.
© 2004 Wiley-Liss, Inc.

Key words: p270; SWI/SNF; kidney cancer; breast cancer; tumor
suppression

Human SWI/SNF complexes are transcription-regulating com-
plexes that are essential to normal differentiation and development.
They also play a vital role in the control of cell proliferation and
suppression of carcinogenesis (reviewed by Klochendler-Yeivin
and Yaniv! and by Muchardt and Yaniv?2). The complexes can vary
in composition, but all are able to remodel chromatin structure
through ATP-dependent mechanisms.*-7 ATPase activity, which is
DNA-dependent, resides in the SWI2/SNF2 enzyme in yeast and
in the SWI2/SNF2-related proteins BRG1 and hBRM in humans.
Shortly after BRG1 was cloned on the basis of its homology to the
Drosophila and yeast ATPases,? it became apparent that BRG1 is
occasionally found at low or undetectable levels in common tu-
mor-derived laboratory lines.2210 This suggestion that loss of
BRG1 may be a causative factor in human tumorigenesis is
strongly supported by the enhanced tumor susceptibility of BRG1
heterozygous mice; tumors of epithelial origin were observed in
the head and inguinal regions of these mice.!! Additional compo-
nents of the complex are also likely to be vital for tumor suppres-
sion. The hSNF5 complex component (also designated INI1 or
BAF47) is lost with high frequency in specific types of human
tumors, primarily pediatric rhabdoid tumors,'2-'5 and Snf5-defi-
cient mice also develop tumors at an early age.'6'” BRG1-associ-
ated factor-155 (BAF155) is occasionally deficient in tumor cell
lines, !0 and BAF155-null mouse embryos die at an early implan-
tation stage, indicating the gene is required for normal develop-
ment although neoplasia in BAF155 heterozygotes has not been
examined.!® Despite this background, there is very little informa-
tion on expression of SWI/SNF complex components other than
hSNF5 in primary human tumor tissue.

Human SWI/SNF complex components include a large subunit
designated p270'*2° or BAF-250%' (HUGO Gene Nomenclature

Committee, http://www.gene.ucl.ac.uk/nomenclature/, and the
Mouse Genomic Nomenclature Committee, http://www.informat-
ics.jax.org/mgihome/nomen/index.shtml, recommend the official
gene designations ARIDIA in humans and Aridla in mice). p270
contains a DNA-binding domain (the ARID) that distinguishes a
family of at least 14 human proteins, all of which are implicated in
the regulation of differentiation and tumorigenesis.?? p270 RNA is
expressed in all normal human tissues examined,?° but p270 pro-
tein expression is undetectable or severely reduced in some human
tumor lines, including the cervical carcinoma—derived line C33A
and the breast cancer—derived line T47D.10.21

We show here that loss of p270 in the C33A and T47D cell lines
is evident at the RNA level as well as the protein level. The
implication that p270 can be informatively screened in human
tumors at the RNA level makes possible a high-efficiency cancer
profiling array approach to screening primary tumor samples.
Expression was screened in a cancer array containing RNA-de-
rived cDNA from 241 tumor and corresponding matched normal
tissues from individual patients. We detected p270 deficiency at a
higher overall frequency than BRGI deficiency. p270 expression
was diminished more than 2-fold relative to normal expression in
tumor samples of distinct tissue origins, including breast, uterus,
colon, lung and kidney, with breast and kidney carcinomas being
the most frequently affected. The results were most striking in
cancers of the kidney, where p270 expression was reduced by
more than 2-fold in 30% of carcinoma samples.

MATERIAL AND METHODS
Immunoblotting

The immunoblotting procedure was described previously.!? Pre-
confluent cells were harvested in PBS. Cells were lysed, and 100
ng of total cell protein per lane were separated on 8% SDS-PAGE
gels, transferred to an Immobilon-P membrane (Millipore, Bed-
ford, MA) and visualized using alkaline phosphatase—conjugated
secondary antibody.

Northern blots

PolyA-selected RNA was prepared from appropriate cell cultures
using Tri-Reagent (Sigma, St. Louis, MO) and the PolyATract
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mRNA Isolation System (Promega, Madison, WI) according to the
supplier’s recommendations. RNA (18 pg/lane) was loaded and frac-
tionated by electrophoresis through a 0.7% formaldehyde-agarose gel.
(This generous amount of polyA-selected RNA permitted quantitative
assessment of the p270 signal in p270-deficient cell lines.) RNA was
transferred to a Hybond-N nylon membrane (Amersham, Arlington
Heights, IL) and crosslinked by UV irradiation and baking at 80°C.
32p._Jabeled probes were prepared using a random primed labeling kit
(Boehringer-Mannheim, Mannheim, Germany). Between successive
probes, blots were stripped by boiling in 0.1% SDS. Signals were
obtained by autoradiography. Quantification from appropriate expo-
sures was determined using a Fuji (Tokyo, Japan) phosphoimager.

Probes

The p270 2.5 kb 3’ probe includes the untranslated region
(UTR) and was described previously.2® The 1.8 kb C-terminal
p270 probe was generated from a p270 cDNA plasmid containing
the 2.5 kb probe (p110) using primer sequences AGAGAGGAAT-
TCACCTCTCCTAGCAAGT and ATCGAGCAGGAAGCCCA-
GGAGGTTGC, which exclude the UTR. A probe hybridizing to
the mid-region of 270 was generated by PCR from plasmid
pNHXSS98, which contains the p270 ¢cDNA sequence described
by Dallas et al.,20 using the primer sequences TACCAGCA-
GAACTCCATGGGGAGCTAT and GCATGAACCGGAAAAC-
CCAAGA. The BRG] probe was made by RT-PCR using WI38
cell cDNA as the template, and primer sequences were AAGTG-
GCAGCGAAGAAGACTGA and TGCGTTTTGTTGTTGGTT-
TAA. The resulting amplicon was 481 bp and covered the entire
BRG! 3’ UTR (461 bp) as well as 20 bp of the coding region.
Computer alignments indicate no significant homology to the 3’
UTR of hBRM across this sequence. The [-actin probe was
described previously.2* The ubiquitin probe was supplied by Clon-
tech (Palo Alto, CA) as part of the cancer profiling array package.

Southern blot

Genomic DNA was isolated using Tri-Reagent. DNA (10 pg)
from each cell line was digested with Xbal and separated by
electrophoresis through a 0.7% agarose gel. DNA was transferred
to a Hybond-N nylon membrane and crosslinked by UV irradiation
and baking at 80°C. The resulting blot was hybridized to the 1.8 kb
p270 probe labeled by random priming (Boehringer-Mannheim).

Cancer profiling array

The cancer profiling array was obtained from Clontech, BD
Biosciences and screened in the hybridization solution provided,
according to the supplier’s recommendations. The array was
probed sequentially with probes corresponding to p270, BRG1 and
ubiquitin. p270 and BRG1 signals were normalized to the ubiquitin
signal before calculation of relative intensities. Quantification was
performed using a Fuji phosphoimager.

Cell lines

HeLa, WI-38, C33A, UACC-812 and 293 cells were obtained from
the ATCC (Rockville, MD). BT-20, MCF7, ZR-75-30, MDA-MB-
435, MDA-MB-36T47D, Caki-1 and Caki-2 were a gift from Dr. S.
Coszenza (Fels Institute, Temple University School of Medicine).
MDA-MB-435 results were verified with the MDA-MB-435s line
obtained fresh from the ATCC. PC-3, DU-145, LNCaP and TSU-Prl
were a gift from Dr. B. Lokeshwar (University of Miami School of
Medicine, Miami, FL). Saos-2, OHS-50, MG-63, U-20S and TE-85
cells were a gift from Dr. M.F. Hansen (Center for Molecular Med-
icine, University of Connecticut Health Center, Farmington, CT).
A-498, ACHN, 786-P and 769-O cells were a gift from Dr. T. Griffith
(Department of Urology, University of Iowa Roy J. and Lucille A.
Carver College of Medicine, Iowa City, IA). UO-31 and SN12C cells
were a gift from Dr. R. Bernacki (Roswell Park Cancer Institute,
Buffalo, NY). All cell lines were cultured according to ATCC rec-
ommendations.
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Antibodies

The p270 monoclonal antibody (MAb) PSG3 was raised against
the pNDX2 GST-fusion protein described previously.2? The
BRG1-specific MAb 320.7 was raised against an N-terminal pep-
tide sequence [STPDPPLGGTPRPG(T)] corresponding to resi-
dues 2-15 of human BRGI. All hybridoma isolation work was
done at the St. Louis University Hybridoma Facility (St. Louis,
MO). A BRM-directed antibody was purchased commercially
(Transduction Laboratories, Lexington, KY; B36320). The hsc70-
specific antibody was also obtained commercially (Stressgen, Van-
couver, Canada).

RESULTS

Diminished expression of p270 in established tumor cell lines at
the RNA level

Loss or severe reduction of p270 expression has been reported
in a total of 4 human carcinoma-derived cell lines: C33A cervical
carcinoma cells, MDA-MB-435 and UACC-812 breast carcinoma
cells,'® and T47D breast carcinoma cells.2! DeCristofaro et al.'®
reported results from a series of 40 human tumor cell lines that
included 21 breast cancer lines and 19 lines of other tissue origin.
They probed at the protein level for each of the major components
of human SWI/SNF complexes. Their results suggest that roughly
40% of common laboratory lines lack normal protein levels of at
least one component of the complex. BRG1 deficiency has been
attributed to truncation or deletion at the DNA level, reduced RNA
expression or posttranscriptional mechanisms, depending on the
cell line;®24 but the level of loss of most other components has not
been examined past the protein level.

Western blotting with a p270-specific MAb confirms the re-
duced expression of p270 in T47D and C33A cells compared to
normal levels in the BT-20 breast tumor and Hel.a cervical carci-
noma~—derived lines (Fig. 1). In contrast to the previous report, we
saw normal expression of p270 in the MDA-MB-435 breast tu-
mor—derived line (Fig. 1). This was confirmed with MDA-MB-
435s cells freshly obtained from the ATCC (not shown) and may
reflect a difference in the lines in laboratory culture. The UACC-
812 breast tumor—derived line was also obtained fresh from the
ATCC but could not be maintained reliably in culture, so no
additional data were obtained from this line.

We examined p270 expression in C33A and T47D cells at the
RNA level. Northern probes corresponding to 2 different regions
of p270 (middle and C-terminal) were used to probe polyA-
selected RNA from each line in parallel, with MCF7 breast carci-
noma cells and HeLa cervical carcinoma cells included as controls.
Northern blots with either probe showed sharply reduced RNA
levels in both the C33A and T47D lines. A representative blot with
the middle-region probe is shown in Figure 2a. Quantification of
the signal after normalization to (-actin, averaged for the 2 inde-
pendent probes, indicated reductions of 3.8-fold in the p270 RNA

p270

Ficure 1 - Western blot. Whole-cell lysates of the indicated cell
lines were separated on 8% gels, transferred to membrane and probed
with a p270-specific MAD.
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ern blots. {a) PolyA-selected RNA
was prepared from the indicated
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phoresis through a 0.7% formalde-
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membrane and hybridized with a
probe corresponding to the mid-
region of p270. (b) An RNA blot,
prepared as described in (a), was
hybridized with a C-terminal 1.8
kb p270 probe and overexposed to
reveal the signal in lines with low
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Ficure 3 - Histogram of p270 signal on the cancer profiling array. The cancer profiling array was hybridized with a p270-specific probe as
described in Material and Methods. The same blot was hybridized with a ubiquitin probe for standardization. After normalization of the p270
signal to the ubiquitin signal, the ratio of signal between normal tissue (N) and tumor tissue (T) for each tissue pair was calculated. Pairs where
the tumor sample showed a lower signal are plotted above the line. Pairs where the tumor tissue showed a higher signal are plotted below the
line. Ratios >2-fold are marked with red (N/T) or green (T/N) dots.



EXPRESSION OF p270 IN HUMAN TUMORS

ubiq

p270

N T N T

FiGURe 4 — Portion of kidney tumor array. The figure shows 2 pairs
of samples from the kidney portion of the array in which p270
expression is reduced in the tumor tissue (T) relative to the matched
sample of normal tissue (N). The same blot was stripped and probed
with ubiquitin for normalization of the signal. After normalization, the
relative intensitics showed ratios (N/T) of 2.5 in pair 1 (loci G31 and
G32 on the array) and 3.9 in pair 2 (loci C31 and C32 on the array).
These spots correspond, respectively, to the seventh and third samples
from the left in the kidney panel of the histogram in Figure 3.

signal in C33A cells relative to HeLa cells and of 4.5-fold in T47D
cells relative to MCF7 cells. Very long exposures with either probe
yielded signals comigrating with the full-length p270 message seen
in the control cells, indicating that the message in lines with low
expression is not missing or truncated. Long exposure with the C-
terminal probe is shown in Figure 2b. Consistent with this, Southern
blots revealed the presence of a normal (single prominent band) DNA
signal (Fig. 2c). Together these results indicate that impairment of
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p270 expression is at the level of RNA expression or stability. While
this may not be the only level of p270 impairment in human tumors,
the results indicate that p270 expression can be informatively
screened at the RNA level. Such a screen should yield at least a
minimal estimate of the frequency of p270 loss.

Expression of p270 in primary tumor samples

Expression of p270 in tumor tissue samples was screened using
a cancer profiling array that contained RNA-derived cDNA from
241 tumor and corresponding matched normal tissues from indi-
vidual patients. The 241 samples included 13 tissue types: breast
(50), uterus (42), colon (34), stomach (28), ovary (14), lung (21),
kidney (20), rectum (18), thyroid (6), cervix (1), prostate (4),
pancreas (1) and small intestine (2). The blot was screened with a
2.5 kb probe that included the 3' UTR. After normalization to a
control signal from ubiquitin, the results were calculated as the
ratio of expression between normal and matched tumor samples
and are presented as histograms in Figure 3. A reliable signal from
the prostate and pancreas tissue pairs was not obtained in either
screen, so the total number of samples considered here is 236.

Northern blots showed an approximate 4-fold difference in p270
RNA levels between normal cells and p270-deficient cells. The dot
blot screening method used on the cancer array is not expected to
be as sensitive as Northern blots, so for initial consideration we
arbitrarily defined apparent p270 deficiency as a >2-fold differ-
ence between tumor and corresponding normal samples. More than
90% (91.9% or 217/236) of the tissue pairs showed <2-fold
variation. A total of 19 tissue pairs showed a >2-fold difference.
Of these, only 4 registered an increased signal in the tumor sample
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FIGURE 5 - Histogram of BRG#1 signal on the cancer profiling array. The cancer profiling array was hybridized with a BRG1-specific probe.
After normalization to the ubiquitin signal, as described in Figure 3, the ratio of signal between normal tissue (N) and tumor tissue (T) for each
tissue pair was calculated. Pairs where the tumor sample showed a lower signal are plotted above the line. Pairs where the tumor tissue showed
a higher signal are plotted below the line. Ratios >2-fold are marked with red (N/T) or green (T/N) dots.
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with respect to the normal (1 breast, 1 colon and 2 lung). In
contrast, 15 samples registered a decrease >2-fold in the tumor
sample compared to the matched normal sample. These were not
randomly distributed with respect to tissue origin. They included 5
breast, 6 kidney, 2 colon, 1 uterus and 1 lung. The results in the
kidney panel were especially striking, with expression reduced
>2-fold in fully 30% of samples (6/20). The second highest
frequency was the 10% deficiency seen in the breast carcinoma
panel. The results indicate that overall about 6% of malignant
epithelial tumors are deficient for p270 expression. However, the
frequency of loss is higher in tumors of some tissue origins than
others, with renal and breast carcinomas being the most frequently
affected. The signal from 2 of the kidney tissue pairs on the array
is shown in Figure 4.

The same array was also screened with a BRG] C-terminal
probe. The BRGI signal was deficient in tumor samples less
frequently than the p270 signal. Indeed, where the difference
exceeded 2-fold, the BRGI signal was more often higher in the
tumor sample (10 cases: 1 colon, 3 ovary, 5 lung, 1 thyroid) than
in the normal tissue sample. In only 4 cases was the BRG1 signal
higher in normal tissue (2 breast, 1 colon, 1 stomach). Histograms
of these results are shown in Figure 5. The signals for the 1
pancreas and 4 prostate pairs were obtainable from the BRG1 blot
but showed no significant difference between normal and tumor
samples (not shown).

Screening of established tumor cell lines

The cancer profiling array suggests that p270 is particularly
important to tumor suppression in renal and breast tissue. How-
ever, results from this type of approach must be considered care-
fully. The array offers the advantages of screening large numbers
of samples, which can point to unsuspected tissue types where the
gene of interest may have particular importance; but any conclu-
sions drawn from the array are necessarily based on an arbitrary

for p270, BRGI or hBRM.

definition of loss of expression. The results require independent
validation. If deficiency of p270 does indeed heighten susceptibil-
ity to tumor formation in kidney and breast cells, we would expect
to see comparable frequencies of p270 deficiency in tumor cell
lines originating from these tissues. To complement the tissue
array, we screened a panel of human tumor cell lines for expres-
sion of p270 and BRGI. These included 2 breast tumor lines not
previously examined (the carcinoma line ZR-75-30 and the ade-
nocarcinoma line MDA-MB-361) and various lines originating
from other types of tissue. It is already known that p270 expression
is widespread in normal tissue, with roughly comparable levels in
all tissue types probed.?0

Breast cancer lines ZR-75-30 and MDA-MB-361 showed approx-
imately normal levels of both p270 and BRGI in comparison with
BT-20 breast carcinoma cells and WI-38 cells, which are nonimmor-
talized human fibroblasts (Fig. 6a). The prostate line PC-3 has pre-
viously been reported to express normal levels of p270 and BRG110
and was screened here in comparison with 2 other prostate lines,
DU-145 and LN-CaP (Fig. 6b). DU-145 showed a severely reduced
level of BRGI, consistent with a previous report,” and normal ex-
pression of p270. LNCaP showed normal expression of BRG1 but
had a slightly reduced level of p270.

Several other carcinoma cell lines were also examined. Two of
these are shown in Figure 6¢. The TSU-Pr1 line has been extensively
studied as a prostate line, but the evidence indicates it is a derivative
of the T24 bladder carcinoma line.25 As reported previously,” TSU-
Pr1 shows no detectable BRG1. The antibody used here is a MAb
highly specific for BRG1. Probing with a BRM-reactive antibody
shows that hBRM expression in TSU-Pr1 cells is relatively normal.
Our screen revealed that the duodenal carcinoma line HuTu-80 is
severely deficient in BRGI. Rescreening with the BRM-reactive
antibody indicated that hBRM expression is likewise severely de-
creased in this line. This result adds intestinal tissue to the list of
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FIGURE 7 — Western blot survey of kidney tumor cell lines. Whole-
cell lysates of the indicated cell lines were separated on 8% gels,
transferred to membrane and sequentially probed with MAbs specific
for p270, BRGI or hsc70.

tissues that have generated tumor cell lines lacking both BRG1 and
hBRM. Simultaneous loss of both BRGI and hBRM has previously
been reported in tumor cell lines originating from lung, breast, cervix,
pancreas and adrenal gland.2924 Expression of p270 in both TSU-Prl
and HuTu-80 cells is normal. We also examined a panel of human
osteosarcoma lines (Fig. 6d). The complex components are generally
well expressed in these lines. No line showed reduced expression of
either p270 or BRG1.

These results combined with the only other reports that have
considered p270 expression in tumor cell lines!%2! yield a total of
24 breast cancer lines screened, with 2 being deficient for p270
expression. This frequency correlates well with the 5/50 breast
tumor tissues that showed deficiency of p270 on the array and
supports the general validity of the array results. No other type of
tumor cell line panel has been examined systematically for p270
expression.

The most striking result from the array is the indication that
deficiency of p270 is particularly significant for tumor suscepti-
bility in renal tissue. To explore this further, we screened a panel
of 8 independently established kidney tumor lines. Western blots
showed normal levels of p270 in SN12C, UO-31, ACHN, 769-P
and 786-O cells. The A498 line consistently showed reduced
expression of p270, and the Caki-1 and Caki-2 lines showed
sharply reduced levels of p270 (Fig. 7a). Caki-1 was established
from a metastasized renal carcinoma, while Caki-2 was established
from a primary renal carcinoma in a different patient.2¢ All of the
kidney tumor lines showed normal expression of BRG1 (Fig. 7a).
Reduced expression of p270 was also apparent at the RNA level in
the Caki-1 and Caki-2 lines (not shown). Low expression of p270
is not characteristic of normal kidney tissue. As indicated above, a
Northern blot indicated similar expression of p270 across an entire
panel of normal tissue samples; the panel included kidney tissue.20
To compare protein expression levels in the kidney tumor lines
directly with lines from other tissues, lysates from the breast
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cancer lines MCF7 and T47D were run on the same gel as selected
kidney lines. 293 cells, a virus-transformed derivative of normal
embryonic kidney cells, were also included; and the gel was
further probed with an antibody to hsc70 as a loading control (Fig.
7b). The results indicate that the respective high and low expres-
sion levels in kidney lines are similar to what has been noted
previously in breast cancer lines. The >25% frequency of p270
deficiency in the kidney tumor cell line panel supports the findings
from the tissue array and implies that p270 contributes signifi-
cantly to tumor suppression in renal tissue.

DISCUSSION

A cancer profiling array offered an efficient initial means to
probe tumors originating from a range of tissue types for expres-
sion of p270. The array detected reduced expression of p270 in
tumors originating in breast, uterus, colon, lung and kidney tissue.
A reduced p270 signal is associated with kidney and breast tumors
at higher frequencies than other tissues tested. Parallel screens of
established tumor cell lines support this finding. The present study
brings to 24 the number of breast tumor lines that have been
screened for p270 expression, with 2 of the 24, T47D and UACC-
812, identified as p270-deficient.'02! This is in rough agreement
with the frequency of p270 deficiency in primary breast tissue
samples indicated by the array (10%) and supports the validity of
the results. The most striking result from the array is the identifi-
cation of kidney as a tissue where tumorigenesis is linked with
deficiency of p270 with particularly high frequency (approx. 30%).
A parallel probe of 8 established kidney tumor cell lines supports
this percentage. Both of the kidney tumor cell lines that are sharply
deficient for p270 expression (Caki-1 and Caki-2) are derived from
clear cell carcinomas. p270 deficiency may not be limited to clear
cell carcinomas, however, as the Clontech literature that accom-
panies the array indicates that 2 of the kidney tumor tissue samples
that exhibited p270 deficiency were classified as renal cell carci-
nomas (ICD code M8312/3) but not as clear cell carcinomas (ICD
code M8310/3). Additional screens will be required before any
link between p270 deficiency and specific subclasses of renal
tumors can be determined.

The activity of the complex is dependent on the energy provided by
the ATPase, so the expectation is that BRGI1 deficiency would be
linked with tumor susceptibility in many tissues. The array did not
reveal any tissue where tumorigenesis is linked with deficiency of
BRG1 at a frequency above the limit of detection of the assay, which
is about 5-10%. This is consistent with surveys of tumor cell lines,
where BRG1 deficiency has been noted in lines derived from various
tissues including cervical, prostate, adrenal, pancreatic, breast and
lung?9:24 but not at high frequency in any individual tissue type. The
present study adds intestinal tissue to this list with the HuTu-80
duodenal carcinoma line. Surveys of a total of 26 human breast tumor
lines,>° including the present study, have identified only one line
deficient in BRG1 expression, ALAB.® The highest frequency noted
for BRG1 deficiency thus far is in lung tissue, where a survey of 60
samples of primary human lung tumor tissue by immunohistochem-
istry found BRGH to be deficient at the protein level in 10% of tumors,
with a correlation between loss of BRG1 and tumor aggressiveness.?’

In the large majority of cases, deficiency of BRG1 in human
tumors is accompanied by deficiency of the alternative ATPase,
hBRM, 024 ag seen here in the HuTu-80 line, even though BRM,
in contrast to BRGI, is not required for tumor suppression in
mice.28 Complementation studies in human cells suggest that the
total dosage of ATPase activity from the 2 proteins is more
important to a transformed phenotype than the presence or absence
of one or the other.24 The functional contribution of p270 to the
DNA-dependent ATPase activity of the complex is not clear;
however, p270 is a member of the ARID class of DNA-binding
proteins,?22 and we postulate that the DNA-binding activity of
p270 enhances the DNA-dependent ATPase activity of the com-
plex. In this sense, loss of p270 may decrease the effective dosage
of ATPase activity. Typically, BRG1 is well exp